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Perhons ny brief talk should be retitled -- "A model cf
the peripheral auditory system - a case study in neural
modeling”. I would like first to describe this model to
you, comuent briefly upon its properties, limlitations, and
some of the questions ralsed by it, and second to attempt .
t¢ relate this model to other models of peripheral nerve and
related structures and ihus I hope to fulfill my responsibilities
as a discussant ét this session.

The purpose of the work tovbe{déscribed is to explicitly
formalize and test a mechanistic model of the peripheral
auvdltory system which has been implicitly stated in the'physio—
logical literature for some timéjj thermore, thls same
cbjective has constrained the structure of the model from the -
outset. That is to say, the approach to this problem was
escentially synthetlic « talke the parts of the system that'are
&s specifiable, assume a structure for those parts of the
gystem that are as yet unspecifiablie and puﬁfeverything together
and see wnat comes out. QI course, such an approach makes sense
only 1f the results can be compared to data that are comprechensive,
cuantitative and available. The recent electrophysiological
results of Kiang, are the data to which I shall refer throughout
this talk. Datas were obtalined from anacsthetlzed cats, with
the use of 3 molar, KCl-fiiled glass microplpette electrodes.
These electrodes were placed in the VIIIt -nerve anatomically

peripheral to its entry into the cochlear nucleus.




B

& current view of thie physiolozy ol the periphneral
auditory csystem (presented in a schematic form) is 1llus-
trated in the first slide:

Sound eaters the outer ear, impinges on the
cardrum, and is transamliitted throuzh the middle-~
ear structures to the fiulds of the cochlezr or
inner ear. The resulting fluid motion leads to

a motion of ftrc cochlear partition, which in turn

results in forces on and/or movements of the

auditory receptor {or hair) cells. The hair cells

are thought to be transducer elements whose function

th

is to produce local excitation of nearby‘VIII -nerve

fibers. The spike potentials resulting from this
excltation are transmitted to the central nervous

system via the VIIIt“-nerve.

A model of the peripheral auditory which explicitly

cncompasses some of these aotlons is shown 1n the next slide.
'The model is intended tc relate the firing patterns of auditory
nerve fibers to sound impinging on the ear. Tae "Mechanical
System” represents the functional relation between an acoustic
pressure input to the ear and:a displacement of the cochlear

partition and is assumed %o be representable as a linear system.



Thé transier function of this part of the syster for a
narticular point along the cochlear partition is aszcumad

TC be given by the work of veon Bekesy. The "Transducer iz
intended to represent the functicnal reiation between %he
displacement of the cochlear pariiiicn 46 a polnt aleaz iis
Zingth and e output of ¢ nalr cell locuted at that point.
Tne final constituent of the mocel %3 & stereotyped cr
idealized "Model Neuron. In this "“iodel Neuron', the cutpui
ol the transducer is filtcred ahd then summed with Causslan
ncise. The nolse 1s ineluled to account for both the
cpontanecus actividy arnl . .obabilisii~ —e2sponse behavior
craracteristic of VII”“”v; mve fivors.  The resuvltant sunm

O the filtered and transduced acoustic signal and the noise
.callcd the membrane potential) arce then compared with a
wrhreshold in the box lzazillel "EY. I the threshold is

S

(@)

eeded, then a splke i:s <elined 2s ozourring, and the

threshold Is.resct to soie larger valiuc, by the box labelled

"R". This process is inidicated schemat.cally in the next slide.

)

2~ 18 the resting threshiid, By is the qsaxdlmum threshold. . Waen

—

FeN s

the membrane potential rices o exceed the threshold potenticl

a2 spike occurs, and the threshold is reset to 1ts maximum value,

RM' The threshold then decays to its resting value, RR‘




Let e mentien in pacsing that the Model Neurcn is

an  extension of the model propcsed by Verveen and his
collaberators to account for the fluctuations in exeitx 113iey
cf sciatic nerve fibers of Ifrogs - a phenomenon investigated
¢riginally by Pecner a: . . iox; by iaovaen.

PR e 2 [P . L O e 9 ~ - -
In summary, the aiiiiytions of the model of the neripheral

auditory systen,

+3

n
(1) The mechanical part of the peripheral audltory sysiem

-~ v

[

S assumed to be representable by a linear systen.

(2) & point-to-point relation between the displacement
of the cochlear partition and neural excitation is
assumed. The transduction process is assumed to be'
nemoryless.

(3) The process of acural excitatlion is represented by
a simple medel neuron which 13 probabilistic and
contains thresnold and refractory properties.

{4) The effects of activity in efferent: pathways on the
activity of allfereat VIIIth—nerve fibvers 1s lgnored.
No mechanism:.to account for active, neural innibition

is included in +he model.

It was clear at the ocutset of this investigaticn that
a model so constituted presented some rather imposing mathe-
maticel difficultles (we shall return to these matters a litile

later). As a consequence, the model has been simulated on the

TX-2 digital computer at Zincoln ILaderatory, M.I.T., and statissice
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Che‘slide is intended to cixhibit the relation of the
cliek response to the characteristic frequency of an
VIIIth~nerve fiber. Intensity of stimulation has been
held constant for all these data.

There 1is cleariy ne clne to discusc in any detall the
comparision of the model znda {iber data for varlous para-
meters of acoustic click stimuli., Let e simpiy summarize
in the following way: TFor scveral rezasons the assumption
taat a linear, memoryless transducer function could represent
the action of the recepior cells has led to results which

are incompatible with the VIIIth

-nerve data of Kiang. The
wave shapes of the PST-histograms of the fiber data could
not be reproduced for all intensity and rate of stimull even

to the satisfication of & severly myopic person. 4 non-lincdar,

saturating transducer function, however, ilmproves the fit of
The medel. Although the iacorporaition oflsuch an assumption
naterially improves the goodness of fit of the click data
some discrepancies stlill remaln. These discrepanciles all
indicate that the transducer function of the receptor cells
can probably not be represented by a memoryless function.
Further work using sinuccidal stimull have also born out this

thought.




ciallicensed and modifded Lo the 1ignt of this now evidence.
Those compnents that roroin valid zeprocentations of the
cmplrical data can be lef't intact. Clearly, such 2 model
can also gulde the acquiislzicon of further empirical data

2y revealing the inadecuconcs of Tl 7 ¢l in a precise

Ko}

Ionner.

o

It is unfortunate thzt the structure of the model of

the peripheral auditory corrotem nroscied here and also the
model proposed by Verve:zl o account Jo his data leads )
©Oo serious mathematlceal <ol.iculllc.., -his is fundamentally

& concegquence of the aszcunsd proociilicsic structure. Tals

¢ is most certsinly inal.onrl. e for answering all

]

'
]
ot
(]
('l
o«
]

guesticns about the periziheral auditory system, but I do not
taink it inappropriate for testing our understaanding of the'
interrclations of the components of the peripheral system.

ne mathematical difflcultics stem directly from the complexities
of deriving distributlons of successive crossings of a threshold
che analytic problems can

be temporarily circumvented but this clrcumvention often leaves

risidual problems that must eventually be faced.

Computer simulations offer a new dimension of fietibility
in studying such problems. The cost of this flexibllity may
be many-fold. Most certal nly econcny of description is o some

extent sacrificed as is the elegenee that could come from an

nalytlecally tractable yet physlologlcally meaningful representatbi



In summary of the results of the model work here
discusced: (the spontaneous activity, response to accustic
clicks, tones and tone bursts have been studlied for a ciaSs
cf mechanistic models that consist of a linear mechanical
system, a non-linear, memoryless transducer and a model
neuron. Results generatcd by thls model it the VIIIth—nerve.
data quantlitatively along some stimulus dimensions, seml-
cuantitatively along some cimensions and only in a very
qualitative sense along other dimensions.;

My intent in this resentation has been to focus nore

1 the structure of the =del than ¢ ne results produced
vy 1t. Thls structure is I belleve coaslstent in fhe broadest
gense with other models proposed recently for peripheral
rerve and assoclated rcceptor structurcs. At the heart of.
this model is the reprooontatlion of the excitation process
" vhich must occur in the vicinlty 27 the hair cell-heuron
Junction. mhis is unf'ortunately aiso tae locus of our greatest
_gnorance. However, in = mechanictic odel such as here pro-
csed, this component cen be manipuliated and studied somewhat
Zndependently of other coumponents. Iurthermore, the components
of such a model are at least in principle independently veri-
fiable. As more of the structure of the system 1s enmpirically

“revealed the model c¢an constantly be reviewed and 1ts components



